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(54) Circular-polarization antenna 

(57) The invention provides a low-profile circular- 
polarization antenna (1) that can be implemented at a 
reduced mounting cost of components. Two linear- 
polarization surface-mount antennas (3, 4) are mounted 
on a mounting substrate (2) such that their planes of 
polarization are perpendicular to each other in the direc- 
tion normal to the mounting surface, and an amplifica- 
tion circuit, a shield case (5) for covering the circuit, and 
a phase circuit (6) for sending signals having the same 
amplitude and a phase difference of 90 degrees to the 
two surface-mount antennas (3, 4) are provided on the 
same mounting surface. 
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Description 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to circular -polariza- 
tion antennas, and more particularly, to a compact low- 
profile circular-polarization antenna such as a GPS 
antenna used for car-mounted and portable navigation 
systems. The present invention further relates to a radio 
apparatus using the circular-polarization antenna. 

2 Related Art of the Invention 

Fig. 17 shows a conventional circular-polarization 
antenna. The circular-polarization antenna is of a micro- 
strip patch type. 

In Fig. 17, the circular-polarization antenna 100 
includes a mounting substrate 101, a patch antenna 
102 mounted on the second major surface of the mount- 
ing substrate 101, a shield case 103 for covering an 
amplification circuit (not shown) mounted on the first 
major surface of the mounting substrate 101, and a 
cable 104 connected to the amplification circuit at one 
end. The patch antenna 102 is made from a dielectric 
substrate such as ceramic and resin. A ground elec- 
trode is formed on the whole first major surface of the 
patch antenna 102 and a substantially square emission 
electrode 102a is formed on the second major surface. 
About between the center of the emission electrode 
102a and one corner, a through hole 102b passing 
through the dielectric substrate and the mounting sub- 
strate 101 and being connected to the amplification cir- 
cuit mounted on the first major surface of the mounting 
substrate 101 is formed. 

Figs. 18(a) and 18(b) show another conventional 
circular-polarization antenna. It is also of a microstrip 
patch type. The same symbols as those used in Fig. 1 7 
are assigned to the patch antenna. Fig. 18(a) is a per- 
spective view of the circular-polarization antenna when 
viewed from the second major surface of a mounting 
substrate and Fig. 18(b) is a perspective view of the cir- 
cular-polarization antenna when viewed from first major 
surface of the mounting substrate. 

In Fig. 18, the circular-polarization antenna 110 
includes a mounting substrate 111, a patch antenna 
102 mounted on the second major surface of the mount- 
ing substrate 111, a shield case 112 for covering an 
amplification circuit mounted on the second major sur- 
face of the mounting substrate 111, a connection elec- 
trode 1 13 for connecting the patch antenna 102 to the 
amplification circuit through the first major surface of the 
mounting substrate 1 1 1, a shield case 1 14 for covering 
the connection electrode 113 at the first major surface 
of the mounting substrate 111, and a cable 115 con- 
nected to the amplification circuit at one end. 

Since the patch antenna 102 has a microstrip struc- 
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ture, a ground electrode is formed substantially on the 
whole mounting surface thereof. To connect the patch 
antenna 102 to the amplification circuit, it is necessary 

- to route through the first major surface of the mounting 

5 substrate 1 1 1 . The shield case 1 1 4 is provided in order 
to protect the connection electrode 1 13 and to suppress 
unwanted emission. 

In the conventional circular-polarization antenna 
100 shown in Fig. 17, since the ground electrode is 

10 formed on the whole mounting surface of the dielectric 
substrate constituting the patch antenna 102, it is nec- 
essary to provide the amplification circuit and the shield 
case 1 03 at the first major surface of the mounting sub- 
strate 101. Therefore, the circular-polarization antenna 

is has a high profile as a whole. In addition, since compo- 
nents are required to be mounted on both surfaces of 
the mounting substrate 101, mounting cost is high. 

On the other hand, in the conventional circular- 
polarization antenna 110 shown in Fig. 18, the ampl'rfi- 

20 cation circuit and the shield case 112 are mounted on 
the same plane of the mounting substrate 111 as the 
patch antenna 102. Also in this case, to form the con- 
nection electrode 113 for connecting the amplification 
circuit to the patch antenna 102 on the first major sur- 

25 face of the mounting substrate 1 1 1 , it is required to pro- 
vide the shield case 114 for covering the connection 
electrode 1 13 on the first major surface of the mounting 
substrate 111. Therefore, it is difficult to reduce the 
height of the circular-polarization antenna as a whole 

30 and mounting cost is unlikely to be reduced. 

In the conventional case shown in Fig. 18, a multi- 
layer substrate may be used for the mounting substrate 
and the connection electrode could be formed on an 
inner layer of the mounting substrate. In this case, how- 

35 ever, the mounting substrate costs increase even fur- 
ther. 

fil JMMERY OF THE INVENTION 

40 Accordingly, it is an object of the present invention 
to provide a low-cost, low-profile circular-polarization 
antenna and a radio apparatus having a low mounting 
cost 

The present invention provides a circular-polariza- 
45 tion antenna, comprising: a mounting substrate; a pair 
of linear-polarization surface-mount antennas mounted 
on said mounting substrate disposed such that their 
planes of polarization in the direction normal to the 
mounting surface of said mounting substrate are sub- 
so stantially perpendicular to each other; a phase circuit 
connected to said pair of linear-polarization surface- 
mount antennas for sending thereto or receiving there- 
from signals having the same amplitude and a phase 
difference of 90 degrees to each other; an amplification 
55 circuit connected to said phase circuit; a shield case 
covering said amplification circuit; and said pair of lin- 
ear-polarization surface-mount antennas, said phase 
circuit, said amplification circuit and said shield case 
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being mounted on the same mounting surface of said 
mounting substrate. 

According to the above described circular-polariza- 
tion antenna, a low profile antenna is implemented and 
the mounting cost of components is reduced. 

TTie above circular-polarization antenna may fur- 
ther comprise a radome covering said surface-mount 
antennas, said phase circuit, said shield case and said 
mounting substrate. 

In the above circular-polarization antenna, each of 
the surface-mount antennas may have at least a power- 
feeding electrode, an emission electrode, and a ground 
electrode provided on the surface or both on the surface 
and in the inside of a substantially parallelepiped-rec- 
tangular base member made of at least one of a dielec- 
tric material and a magnetic material. 

In the above circular-polarization antenna, each of 
said surface-mount antennas may be formed such that 
said ground electrode is provided substantially on a first 
major surface of said base member, said emission elec- 
trode may be formed substantially on a second major 
surface of the base member with one end serving as an 
open end and the other end serving as a ground end 
connected to said ground electrode, and one end of 
said power-feeding electrode may be formed in the 
vicinity of the open end of said emission electrode. 

In the above circular-polarization antenna, the other 
end of said emission electrode of each of the surface- 
mount antennas may be divided into a plurality of ends, 
and the ends are connected to the ground electrode 
through different end faces of said base member and 
serve as ground ends. In the above circular-polarization 
antenna, said pair of surface-mount antennas may be 
disposed such that their ground ends are farthest away 
from each other. 

In the above circular-polarization antenna, the open 
end of said emission electrode in each of said surface- 
mount antennas may be formed inward from the end of 
the second major surface of said base member at a pre- 
determined distance on the second major surface of the 
base member. 

The above described circular-polarization antenna 
may further comprise a shield plate provided between 
said pair of surface-mount antennas. 

By disposing the two surface-mount antennas such 
that the distance between the ground ends of the emis- 
sion electrodes are longest, by forming the open ends of 
the emission electrodes in the two surface-mount 
antennas so as to be away from the ends of the second 
major surfaces of the base members by a certain dis- 
tance, or by providing a shield plate between the two 
surface-mount antennas at a portion where the anten- 
nas are lose to each other, the mutual interference 
between the two surface-mount antennas is reduced 
and a low-profile circular-polarization antenna is made 
with a low-profile radome. 

In the above circular-polarization antenna, said 
phase circuit may comprise at least one of a capacitive 
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element and an inductive element connected to said 
pair of surface-mount ntennas. 

The present invention further provides a radio, 
apparatus, comprising: the above described circular- 
polarization antenna; a receiving section and a signal- 
processing section connected in series to said circular- 
polarization antenna. 

The present invention further provides a use of the 
above described circular-polarization antenna for a 
radio apparatus. 

According to the radio apparatus of the present 
invention, miniaturization, cost reduction and lowering 
cost of set up the radio apparatus itself can be achieved 
by using the circular-polarization antenna of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 



Fig. 2 



Fig. 3 



Fig. 4 



Fig. 5 



Fig. 6 



Fig. 7 



is a perspective view of a 
circular-polarization 
antenna according to an 
embodiment of the present 
invention. 

is a full perspective view 
showing the structure of a 
surface-mount antenna 
used in the embodiment 
shown in Fig. 1. 
is a full perspective view 
showing the structure of 
another surface-mount 
antenna used in a circular- 
polarization antenna 
according to the present 
invention. 

is a side view showing cur- 
rents flowing into a ground 
end in a case when the 
surface-mount antenna 
shown in Fig. 3 has only 
the ground end. 
is a cross section showing 
an electric field generated 
from the emission elec- 
trode of a surface-mount 
antenna constituting the 
linear-polarization 
antenna shown in Fig. 1. 
is a perspective view of a 
circular-polarization 
antenna according to 
another embodiment of the 
present invention, 
is a cross section showing 
an electric field generated 
from the emission elec- 
trode of a surface-mount 
antenna constituting the 
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Fig. 8 



Fig. 9 



Fig. 10 



Fig. 11 



Fig. 12 



Fig. 13 



Fig. 14 

Fig, 15 

Fig. 16 
Fig. 17 

Fig. 18(A) and Fig. 18(b) 



linear-polarization 
antenna shown in Fig. 6. 
is a perspective view of a 
circular-polarization 
antenna according to still 
another embodiment of the 
present invention, 
is a full perspective view 
showing the structure of 
still another surface-mount 
antenna used in a circular- 
polarization antenna 
according to the present 
invention. 

is a full perspective view 
showing the structure of 
yet another surface-mount 
antenna used in a circular- 
polarization antenna 
according to the present 
invention. 

is a perspective view of a 
circular-polarization 
antenna according to yet 
another embodiment of the 
present invention, 
is a perspective view of a 
circular-polarization 
antenna according to a fur- 
ther embodiment of the 
present invention, 
is a perspective view of a 
circular-polarization 
antenna according to a stilt 
a further another embodi- 
ment of the present inven- 
tion. 

is a perspective view of a 

circular-polarization 

antenna according to a yet 

further embodiment of the 

present invention. 

is a perspective view of a 

circular-polarization 

antenna according to a yet 

still further embodiment of 

the present invention. 

is a block diagram showing 

an embodiment of a radio 

apparatus of the present 

invention. 

is a perspective view of a 
conventional circular- 
polarization antenna, 
are perspective views of 
another conventional circu- 
lar-polarization antenna. 
Fig. 18(a) is a view seen 



from the second major sur- 
face of a mounting sub- 
strate, and Fig. 18(b) is a 
view seen ■ from the -first 
5 major surface. 

Other features and advantages of the present 
invention will become apparent from the following 
description of the invention which refers to the accom- 
w panying drawings. 

PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 
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Fig. 1 is a circular-polarization antenna according 
to an embodiment of the present invention. In Fig. 1 , the 
circular-polarization antenna 1 includes a mounting 
substrate 2, surface-mount antennas 3 and 4 mounted 
on the second major surface of the mounting substrate 
2, a shield case 5 for covering an amplification circuit 
(not shown) mounted on the second major surface of 
the mounting substrate 2, a phase circuit 6 for connect- 
ing the amplification circuit to the surface-mount anten- 
nas 3 and 4, and a cable 7 connected to the 
amplification circuit at one end. There is nothing 
mounted on the first major surface of the mounting sub- 
strate 2. The surface-mount antennas 3 and 4 have the 
same structure and, as described later, are disposed 
such that their longitudinal directions are perpendicular 
to each other in order that their planes of polarization 
are perpendicular to each other in the direction normal 
to the mounting surface of the mounting substrate 2. 
The phase circuit 6 is formed of a microstrip line and 
one end thereof is divided to a microstrip line 6a and a 
microstrip line 6b, which are connected to the surface- 
mount antennas 3 and 4, respectively. The microstrip 
lines 6a and 6b are capacitive and inductive, and func- 
tion as a capacitive element and an inductive element. 
The lengths and the widths of the microstrip lines 6a 
and 6b are determined such that the absolute values of 
the impedances thereof match those of the output 
impedances of the surface-mount antennas 3 and 4. 
Specifically, the microstrip line 6b is set longer than the 
microstrip line 6a. 

Fig. 2 shows the structure of the surface-mount 
antennas 3 and 4 used in the embodiment shown in Fig. 
1 . In Fig. 2, the surface-mount antenna 3 or 4 includes a 
base member 10 made from a dielectric such as resin 
or ceramic, a ground electrode 11 formed on the first 
major surface of the base member 10, a meander- 
shaped emission electrode 12 having a length about 
one-fourth the wavelength at the resonant frequency, 
formed on the second major surface of the base mem- 
ber 10, and a power-feeding electrode 13 extending 
from the first major surface of the base member 10 to 
the second major surface through one end face. One 
end of the emission electrode 12 serves as an open end 
1 2a, which is disposed so as to oppose the power-feed- 
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ing electrode 13 through a gap 14, and the other end 
serves as a ground end 12b, which is connected to the 
ground electrode 1 1 through one end face of the base 
member 10. — 

In the surface-mount antenna 3 or 4, which is con- s 
figured as described, above, when a signal is input to the 
power-feeding electrode 13, the signal is transferred 
from the power-feeding electrode 13 to the emission 
electrode 12 through the gap 14. Since the emission 
electrode 12 forms a XI A stub having a ground end and io 
an open end, it resonates according to the input signal. 
Then, an electric field is generated between the emis- 
sion electrode 12 and the ground electrode 11, and a 
part of the energy thereof leaks out and is emitted as a 
radio wave. The wave has linear polarization in which is 
the direction of the electric field matches the longitudi- 
nal direction of the base member 10 and is emitted in 
directions substantially perpendicular to the longitudinal 
direction of the base member 10. 

Referring back to Fig. 1 , in the circular-polarization 20 
antenna 1 configured as described above, the two sur- 
face-mount antennas 3 and 4 are disposed such that 
the longitudinal directions of their base members are 
perpendicular to each other in order that their planes of 
polarization (planes formed by the direction of the elec- 25 
trie field and the direction the wave proceeds) of the 
emitted waves are perpendicular to each other in the 
direction normal to the mounting substrate 2. On the 
other hand, signals transferred from the two surface- 
mount antennas 3 and 4 to the amplification circuit have 30 
a phase shift of 90 degrees caused by the phase circuit 
6. As a result, the circular-polarization antenna 1 oper- 
ates as an antenna handling circularly polarized waves. 

With this structure of the circular-polarization 
antenna 1 , since the shield case 5 covering the amplif i- 35 
cation circuit, the surface-mount antennas 3 and 4 and 
the phase circuit 6 are mounted on only the second 
major surface of the mounting substrate 2, the mounting 
cost for the components is reduced, and a low-profile 
antenna is implemented. In addition, when the phase <o 
circuit 6 is formed of a capacitive element and an induc- 
tive element such that the absolute values of their 
impedances match those of the output impedances of 
the surface-mount antennas 3 and 4, signals having the 
same amplitude and a phase difference of 90 degrees 45 
are sent to the surface-mount antennas 3 and 4, and 
matching is achieved from the amplification circuit to the 
surface-mount antennas 3 and 4. 

Since the emission electrodes 12 of the two sur- 
face-mount antennas 3 and 4 are set to have lengths of so 
about A/4 in the circular-polarization antenna 1 shown in 
Fig. 1, high-frequency currents flowing through the 
emission electrodes 12 become highest at the ground 
ends 12b. The highest high-frequency currents indicate 
that generated magnetic fields also become strongest ss 
there. Since the ground ends 12b are formed perpen- 
dicular to major surfaces of the base members 10 on 
the end faces of the base members 10. namely perpen- 



dicular to the mounting substrate 2, in the two surface- 
mount antennas 3 and 4, the magnetic fields generated 
by the high-frequency currents flowing near the ground, 
ends 12b are parallel to the mounting substrate 2. . - 
Therefore, if the ground ends 12b of the two surface- 
mount antennas 3 and 4, or the ground ends 12b and 
the power-feeding electrodes 13, which are formed on 
the same end faces of the base members 10 as the 
ground ends 12b, are closely disposed, they interfere 
with each other and the antenna characteristics, espe- 
cially the axial ratio of circular polarization, deteriorate. 

In the circular-polarization antenna 1. the two-sur- 
face antennas 3 and 4 are arranged such that the open 
ends 12a of the emission electrodes 12 are disposed 
close to each other in order that the ground ends 12b 
are farthest away from each other. With this positioning, 
the two surface-mount antennas 3 and 4 have reduced 
mutual interference and the deterioration of the antenna 
characteristics of the circular-polarization antenna 1 is 
prevented. 

Fig. 3 shows the structure of another surface-mount 
antenna used in a circular-polarization antenna accord- 
ing to the present invention. In Fig. 3, the surface-mount 
antenna 90 includes a base member 91 made from a 
dielectric such as resin or ceramic, a ground electrode 
92 formed on the first major surface of the base member 
91, an emission electrode 93 having a length on the 
second major surface of the base member 91 about 
one-fourth the wavelength at the resonant frequency, 
and a power-feeding electrode 94. One end of the emis- 
sion electrode 93 extends to one end face and serves 
as an open end 93a, and the other end branches into 
three ground ends 93b, 93c, and 93d. which are con- 
nected to the ground electrode 92 through different end 
faces of the base member 91 . The power- feeding elec- 
trode 94 is formed such that its one end opposes the 
open end 93a of the emission electrode 93 through a 
gap 95 on one end face of the base member 91 , and the 
other end extends to the first major surface of the base 
member 91. 

In the surface-mount antenna 90, which is config- 
ured as described above, when a signal is input to the 
power-feeding electrode 94, the signal is transferred 
from the power-feeding electrode 94 to the emission 
electrode 93 through the gap 95. Since the emission 
electrode 93 forms a X/4 stub having an open end and a 
ground end, it resonates according to the input signal. 
Then, an electric field is generated between the emis- 
sion electrode 93 and the ground electrode 92, and a 
part of the energy thereof leaks out and is emitted as a 
radio wave. The wave has linear polarization in which 
the direction of the electric field matches the longitudi- 
nal direction of the base member 91 and is emitted in 
directions substantially perpendicular to the longitudinal 
direction of the base member 91. 

In the surface-mount antenna 90, one end of the 
emission electrode 93 branches into the three ground 
ends 93b, 93c, and 93d, which are connected to the 
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ground electrode 92 through different end faces. This 
point will be described next. 

If the surface-mount antenna 90 has only the 
ground end 93b as the other end of the emission elec- 
trode 93 without having the ground ends 93c and 93d, s 
all currents flowing into the other end of the emission 
electrode 93 gather at the ground end 93b. Fig. 4 shows 
the amount of the currents flowing into the ground end 
93b when only the ground end 93b serves as the other 
end of the emission electrode 93. In Fig. 4, the same 10 
symbols as those used in Fig. 3 are assigned to the 
same portions or the equivalent portions. As shown in 
Fig. 4, currents J flowing through the ground end 93b 
gather at the portion close to the open end 93a in the 
ground end 93b due to their electromagnetic character- is 
istics. Therefore, the current density at the ground end 
93b becomes very large, and the antenna gain is 
reduced due to conductor loss at the end. To solve this 
problem, it can be considered that the width of the 
ground end 93b is extended. Also in this case, since the 20 
characteristics in which the flowing currents gather at 
the portion close to the open end 93a does not change, 
the substantial length of the emission electrode 93 is 
reduced because the open end 93a becomes close to 
the ground end 93b, and the resonant frequency 2s 
becomes high. Just this drawback is produced. The 
conductor loss cannot be reduced. 

When the ground end of the emission electrode 93 
is divided into three ends 93b, 93c, and 93d, however, 
since the flowing currents disperse, the amount of cur- 30 
rents flowing through each ground end is reduced. 
Since the current density at one ground end decreases, 
the conductor loss is reduced and the antenna gain is 
increased. 

In the surface-mount antenna 90 shown in Fig. 3, 35 
the ground end is divided into three portions. When the 
antenna is configured such that the ground end 93d is 
omitted and the end is divided into only two ground ends 
93b and 93c formed on two end faces opposing each 
other, for example, the same advantages may be 40 
obtained. 

With an antenna to be installed outdoors such as a 
GPS antenna among the circular-polarization antennas, 
the entire antenna is covered by a radome to protect the 
antenna element. Fig. 5 is a cross section illustrating an 45 
electric field emitted from the emission electrode 12 of a 
surface-mount antenna 3 or 4 in a case when the circu- 
lar-polarization antenna 1 is covered by a radome. In 
Fig. 5, there is shown a radome 8. 

As shown in Fig. 5, since the length of the emission so 
electrode 12 in the surface-mount antenna 3 or 4 is set 
to about A/4, an electric field E1 emitted from the emis- 
sion electrode 12 of the surface-mount antenna 3 or 4 
becomes strongest at the open end 12a of the emission 
electrode 12. Because the open end 12a is formed ss 
close to the end of the second major surface of the base 
member 10. and the radome 8, which is a dielectric hav- 
ing a certain dielectric constant, covers the surface- 



mount antenna 3 or 4 just over it to make a low-profile 
circular-polarization antenna, a part of the electric field 
E1, which essentially proceeds toward the ground elec- 
trode 1 1 , emitted from the open end 12a is drawn by the , 
radome 8 and reaches a portion away from the end of 
the base member 10. 

A condition in which the electric fields E1 emitted 
from the emission electrodes 12 reach portions away 
from the ends of the surface-mount antennas 3 and 4 
means that a possibility in which the two surface-mount 
antennas 3 and 4 interfere with each other by their elec- 
tric fields E1 increases. This deteriorates the antenna 
characteristics. 

Fig. 6 shows another embodiment of the present 
invention. Fig. 6 illustrates a case in which deterioration 
of the antenna characteristics due to an electric field 
emitted from the open end of an emission electrode is 
prevented. The same symbols as those used in Figs. 1 
and 2 are assigned to the same portions or the equiva- 
lent portions in Fig. 6, and the descriptions thereof will 
be omitted. 

In Fig. 6, the open ends 12a of the emission elec- 
trodes 12 of two surface-mount antennas 3x and 4x 
constituting a circular-polarization antenna 9 are formed 
at positions inward from the ends of the base members 
1 0 at a certain distance "d." 

Fig. 7 is a cross section illustrating an electric field 
emitted from the emission electrode 12 of the surface- 
mount antenna 3x or 4x in the circular-polarization 
antenna 9. Since the open end 12a of the emission 
electrode 12 in the surface-mount antenna 3x or 4x is 
formed at a position inward from the end of the second 
major surface of the base member 10 by a certain dis- 
tance "d." most of an electric field E2 emitted from the 
open end 12a proceeds to the ground electrode 1 1 and 
a part of the electric field E2 drawn by the radome 8 
does not reach far from the end of the base member 10. 
As a result, the mutual interference between the two 
surface-mount antennas 3 and 4 is reduced, and deteri- 
oration of the antenna characteristics of the circular- 
polarization antenna 9 is prevented. In addition, since 
the antenna characteristics of the circular-olarization 
antenna 9 is unlikely to be affected by the radome 8, the 
height of the radome 8 can be further reduced and a 
low-profile circular-polarization antenna can be made. 

Fig. 8 shows still another embodiment of the 
present invention. Fig. 8 illustrates a case in which the 
mutual interference of two surface-mount antennas is 
prevented. The same symbols as those used in Fig. 1 
are assigned to the same portions or the equivalent por- 
tions in Fig. 8, and the descriptions thereof will be omit- 
ted. 

In Fig. 8, a shield plate 16 insulating from a phase 
circuit 6 is provided above the phase circuit 6 between 
two surface-mount antennas 3 and 4 disposed on a 
mounting substrate 2 in a circular-polarization antenna 
1 5 at a portion where the antennas are disposed close. 
The shield plate 1 6 is made from a conductor such as a 
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metal, and its end is insulated from the mounting sub- 
strate 2 and secured, and is also grounded. Since the 
shield plate 16 is provided between .the two surface- 
mount antennas 3 and 4 at a portion where the anten- 
nas are disposed close, a magnetic field and an electric 
field emitted from portions close to each other of the two 
surface-mount antennas are shielded. With this, the 
mutual interference between the two surface-mount 
antennas 3 and 4 is prevented, and deterioration of the 
antenna characteristics of the circular-polarization 
antenna 1 5 is prevented. In the same way as for the cir- 
cularpolarization antenna 9 shown in Fig. 6, since the 
mutual interference between the two surface-mount 
antennas does not increase even if a radome is pro- 
vided, the height of the radome can be reduced and a 
low-profile circular-polarization antenna 15 can be 
made. 

Fig. 9 shows the structure of still another surface- 
mount antenna used for a circular-polarization antenna 
according to the present invention. In Fig. 9, the sur- 
face-mount antenna 20 includes a base member 21 
made from a dielectric such as resin or ceramic, a 
ground electrode 22 formed from one end face of the 
base member 21 to the first major surface, an emission 
electrode 23 formed in a U shape with two right angles 
at the bottom on the second major surface of the base 
member 21, a power-feeding electrode 24 extending 
from the first major surface of the base member 21 to 
the second major surface through one end face, and a 
ground electrode 25 formed from the first major surface 
of the electrode 21 to the second major surface through 
one end face. One end of the emission electrode 23 is 
connected to the ground electrode 22, and the other 
end serves as an open end. One end of the ground 
electrode 25 is disposed such that it opposes the open 
end of the emission electrode 23 through a gap 26. Cor- 
responding to the open end of the emission electrode 
23, the power-feeding electrode 24 is disposed close to 
the ground electrode 22 at the open-end side of the 
emission electrode 23. 

In the surface-mount antenna 20 configured as 
described above, when a signal is input to the power- 
feeding electrode 24, the signal is transferred from the 
power-feeding electrode 24 to the emission electrode 
23 through a capacitor 27 formed between the power- 
feeding electrode 24 and the open end of the emission 
electrode 23. One end of the emission electrode 23 is 
connected to the ground electrode 22, and the other 
end serves as an open end. By the capacitance 
between the open end and the ground electrode 25, and 
the inductance of the emission electrode itself, the 
emission electrode 23 operates as an LC resonant cir- 
cuit. An electric field is generated between the emission 
electrode 23 and the ground electrode 25, a part of the 
energy thereof leaks out, and it is emitted as a radio 
wave. 

Fig. 10 shows the structure of yet another surface- 
mount antenna used for a circular-polarization antenna 



according to the present invention. In Fig. 10, the sur- 
face-mount antenna 30 includes a base member 31 
made from a dielectric such as resin or ceramic, a 
power-feeding electrode 32 and ground electrodes 33 at - 

5 both sides thereof, formed on one end face of the base 
member 31, an emission electrode 34 famed on the 
opposing end face, and a through hole 35 for connect- 
ing the power-feeding electrode 32 to the emission elec- 
trode 34 between the opposing two end faces. 

10 The surface-mount antenna 30 configured as 
described above operates as a monopole antenna in 
which one end is open due to the power-feeding elec- 
trode 32, the through hole 35, and the emission elec- 
trode 34. Since the operation of a monopole antenna is 

is well known, the description thereof is omitted. 

The surface-mount antennas shown in Fig. 9 and 
Fig. 10 are for linear polarization. A circular-polarization 
antenna formed of such antenna implements the same 
operations and advantages as those in the embodiment 

20 shown in Fig. 1. 

In the surface-mount antennas shown in the 
embodiments illustrated in Fig. 2 to Fig. 9, the emission 
electrodes have a meander shape and a U shape with 
two right angles at the bottom. The electrodes may have 

25 other shapes such as a straight or L shape. The base 
members of the surface-mount antennas in the embod- 
iments illustrated in Figs. 2 to 10 are made from a die- 
lectric. They may be made from a magnetic material. 
Fig. 11 shows a circular-polarization antenna 

30 according to yet another embodiment of the present 
invention. The same symbols as those used in Fig. 1 
are assigned to the same portions or the equivalent por- 
tions in Fig. 11, and the descriptions thereof will be 
omitted. 

35 In Fig. 1 1 , a phase circuit 41 of a circular-polariza- 
tion antenna 40 has a surface-mount capacitor 41a at a 
portion connected to a surface-mount antenna 3 and an 
inductance formed of a microstrip line 41b at a portion 
connected to a surface-mount antenna 4. The surface; 

40 mount capacitor 41a and the microstrip line 41b serve 
as a capacitive element shewing a capacitive function 
and an inductive element showing an inductive function, 
respectively. Their capacitance, length, and width are 
determined such that signals applied to the surface- 

45 mount antennas 3 and 4 have a phase shift of 90 
degrees and their impedances match the output imped- 
ances of the surface-mount antennas 3 and 4. 

Fig. 12 shows ,a circular-polarization antenna 
according to a further embodiment of the present inven- 

so tion. The same symbols as those used in Fig. 1 are 
assigned to the same portions or the equivalent por- 
tions in Fig. 12, and the descriptions thereof will be 
omitted. 

In Fig. 12, a phase circuit 51 of a circular-polariza- 
55 tion antenna 50 has a surface-mount capacitor 51 a at a 
portion connected to a surface-mount antenna 3 and an 
air-core inductor 51b at a portion connected to a sur- 
face-mount antenna 4. The surface-mount capacitor 
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51a and the air-core inductor 51b serve as a capacitive 
element showing a capacitive function and an inductive 
element showing an inductive function, respectively. 
Their capacitance and inductance are determined such ; 
that signals applied to the surface-mount antennas 3 5 
and 4 have a phase shift of 90 degrees and their imped- 
ances match the output impedances of the surface- 
mount antennas 3 and 4. 

Fig. 13 shows a circular-polarization antenna 
according to a still further embodiment of the present 10 
invention. The same symbols as those used in Fig. 1 
are assigned to the same portions or the equivalent por- 
tions in Fig. 13, and the descriptions thereof will be 
omitted. 

In Fig. 13, a phase circuit 61 of a circular-polariza- 15 
tion antenna 60 has an interdigital capacitor 61a formed 
on a mounting substrate 2, at a portion connected to a 
surface-mount antenna 3 and an inductance formed of 
a microstrip line 61b at a portion connected to a sur- 
face-mount antenna 4. The interdigital capacitor 61a 20 
and the microstrip line 61b serve as a capacitive ele- 
ment showing a capacitive function and an inductive 
element showing an inductive function, respectively. 
Their capacitance, length and width are determined 
such that signals applied to the surface-mount antennas 25 
3 and 4 have a phase shift of 90 degrees and their 
impedances match the output impedances of the sur- 
face-mount antennas 3 and 4. 

Fig. 14 shows a circular-polarization antenna 
according to a yet further embodiment of the present 30 
invention. The same symbols as those used in Fig. 1 
are assigned to the same portions or the equivalent por- 
tions in Fig. 14, and the descriptions thereof will be 
omitted. 

In Fig. 14, a phase circuit 71 of a circular-polariza- 35 
tion antenna 70 has a surface-mount capacitor 71a at a 
portion connected to a surface-mount antenna 3 and a 
surface-mount inductor 71b at a portion connected to a 
surface-mount antenna 4. The surface-mount capacitor 
71a and the surface-mount inductor 71b serve as a 40 
capacitive element showing a capacitive function and 
an inductive element showing an inductive function, 
respectively. Their capacitance and inductance are 
determined such that signals applied to the surface- 
mount antennas 3 and 4 have a phase shift of 90 45 
degrees and their impedances match the output imped- 
ances of the surface-mount antennas 3 and 4. 

Fig. 15 shows a circular-polarization antenna 
according to a yet still further embodiment of the 
present invention. The same symbols as those used in so 
Fig. 1 are assigned to the same portions or the equiva- 
lent portions in Fig. 15, and the descriptions thereof will 
be omitted. 

In Fig. 15, a phase circuit 81 of a circular-polariza- 
tion antenna 80 has a flat-plane capacitor 81a formed 55 
by electrodes formed at the upper side and inside of a 
multilayer mounting substrate 2, at a portion connected 
to a surface-mount antenna 3 and a microstrip line 81b 



at a portion connected to a surface-mount antenna 4. 
The flat-plane capacitor 81a and the microstrip line 81b 
serve as a capacitive element showing a capacitive 
function and an inductive element showing an inductive . 
function, respectively. Their capacitance, inductance 
length, and width are determined such that signals 
applied to the surface-mount antennas 3 and 4 have a 
phase shift of 90 degrees and their impedances match 
the output impedances of the surface-mount antennas 3 
and 4. 

As described above, since a capacitor and an 
inductor are used for the capacitive element and the 
inductive element of the phase circuit, the circular-polar- 
ization antennas 40, 50, 60, 70, and 80 of the present 
invention achieve the same operations and advantages 
as in the embodiment shown in Fig. 1. With the use of 
chip components as the capacitive element and the 
inductive element, the area required for forming the 
phase circuit can be reduced to make the circular-polar- 
ization antenna compact. In addition, because the 
capacitance and the inductance can be easily changed 
due to the use of chip components, the mounting sub- 
strate 2 can be flexibly used for circular-polarization 
antennas with different frequencies. 

Fig. 16 shows a configuration of a navigation-sys- 
tem as an embodiment of a radio apparatus using the 
circular-polarization antenna of the present invention. 

In the Fig, 16, a radio apparatus 110 comprises an 
antenna 111 comprising the circular-polarization 
antenna of the present invention housed in a case with 
a radome, a receiving section 112 connected to the 
antenna 111, a signal-processing section 113 con- 
nected to the receiving section 112, a mapping system 
1 14, a display 1 15 and an interface section 116 respec- 
tively connected to the signal-processing section 113. 
The antenna 1 1 1 receives electric waves from a plural- 
ity of GPS satellites and various kind of signals are 
picked up from the electric waves in the receiving sec- 
tion 112. In the signal-processing section 113, the 
present position of the radio apparatus itself i.e., an 
automobile equipped with the radio apparatus, is calcu- 
lated from the received signals. A map and the present 
position is displayed on the display 115 with a help of 
the interface section 116 having the mapping system 
114 comprising map software in the form of CD-ROM 
and a remote-control etc. 

By configuring the navigation system which is one 
of radio apparatus using the circular-polarization 
antenna of the present invention as described above, 
miniaturization and cost reduction of the radio appara- 
tus itself, and large-flexibility of placement by miniaturi- 
zation are achieved. Thereby, a cost reduction of setting 
up the navigation system in an automobile can be 
achieved, for example. 

In the radio apparatus 110, the circular-polarization 
antenna 1 is used. The same effect can be obtained 
when the circular-polarization antenna 9, 15, 40, 50, 60, 
70, 80 shown in Figs. 6, 8, and 11-15. 
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While the invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled man in the 
art that the forgoing and other changes in form and 
details may be made therein without departing from the 5 
spirit of the invention. 

Claims 

1. A circular-polarization antenna (1 ; 9; 15; 40; 50; 60; 10 
70; 80) comprising: 

a mounting substrate (2); 
a pair of linear-polarization surface-mount 
antennas (3. 4; 3x, 4x; 20, 30) mounted on said 15 
mounting substrate each having a plane of 
polarization, the surface-mount antennas dis- 
posed such that the respective planes of polar- 
ization in a direction normal to the mounting 
surface of said mounting substrate are sub- 20 
stantially perpendicular to each other; 
a phase circuit (6) connected to said pair of lin- 
ear-polarization surface-mount antennas for at 
least one of sending thereto and receiving 
therefrom signals having the same amplitude 25 
and a phase difference of 90 degrees to each 
other; 

an amplification circuit connected to said phase 
circuit (6); 

a shield case (5) covering said amplification cir- 30 
cuit; and said pair of linear-polarization sur- 
face-mount antennas (3, 4; 3x, 4x; 20, 30), said 
phase circuit (6), said amplification circuit and 
said shield case (5) being mounted on the 
same mounting surface of said mounting sub- 35 
strate (2). 

2. The circular-polarization antenna of Claim 1 , further 
comprising a radome (8) covering said surface- 
mount antennas (3, 4; 20, 30), said phase circuit 40 
(6), said shield case (5) and said mounting sub- 
strate (2). 

3. The circular-polarization antenna of Claim 1 or 2 
wherein each of the surface-mount antennas (3, 4; 45 
20, 30) has at least a power-feeding electrode (13; 

24; 32), an emission electrode (12; 23; 34) and a 
ground electrode (11; 22; 33) provided on at least 
one of a surface of and inside of a substantially par- 
allelopiped-rectangular base member (10; 21; 31) so 
made of at least one of a dielectric material and a 
magnetic material. 

4. The circular-polarization antenna of Claim 3, 
wherein each of said surface-mount antennas (3, 4) ss 
is formed such that said ground electrode (11) is 
provided substantially on a first major surface of 
said base member (10), said emission electrode 
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(12) is formed substantially on a second major sur- 
face of the base member (10) with one end serving 
as an open and the other end serving as a ground 
end connected to said ground electrode (11), and 
one end of said power-feeding electrode (13) is 
formed in the vicinity of the open end of said emis- 
sion electrode (12). 

5. The circular-polarization antenna of Claim 4, 
wherein the other end of said emission electrode 
(12) of each of the surface-mount antennas (3, 4) is 
divided into a plurality of ends, and the ends are 
connected to the ground electrode (11) through dif- 
ferent end faces of said base member (10) and 
serve as ground ends. 

6. The circular-polarization antenna of Claim 4 or 5, 
wherein said pair of surface-mount antennas (3, 4) 
are disposed such that the respective ground ends 
thereof are farthest away from each other. 

7. The circular-polarization antenna of any of the 
Claims 4 to 6, wherein the open end of said emis- 
sion electrode (12) in each of said surface-mount 
antennas (3, 4) is formed inward from an end of the 
second major surface of said base member (10) at 
a predetermined distance on the second major sur- 
face of the base member (10). 

8. The circular-polarization antenna (15) of Claim 1, 
further comprising a shield plate (16) provided 
between said pair of surface-mount antennas (3, 4). 

9. The circular-polarization antenna of any of the pre- 
ceding claims, wherein said phase circuit (6) com- 
prises at least one of a capacitive element and an 
inductive (6a, 6b; 41a, 41b; 51a, 51b; 61a, 61b; 
71a, 71b) element connected to said pair of sur- 
face-mount antennas (3, 4; 3x, 4x; 20, 30). 

10. A radio apparatus (1 10), comprising: 

a circular-polarization antenna (1 ; 9; 1 5; 40; 50; 
60; 70; 80) of any one of Claims 1 to 9; and 
a receiving section (112) and a signal-process- 
ing section (113) connected in series to said 
circular-polarization antenna. 

11. A method of at least one of transmitting and receiv- 
ing radio signals, comprising the steps of: 

providing a circular-polarization antenna, of 

any one of the Claims 1 to 9; 

connecting the circular-polarization antenna to 

a radio apparatus; and 

at least one of: 

receiving radio signals with the antenna and 
providing them to the radio apparatus; and 
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transmitting radio signals from the antenna pro- 
vided to the antenna from the radio apparatus. 
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